Aortic isthmic coarctation is a common cardiovascular cause of neonatal mortality. This study reviews retrospectively sixty-one consecutive neonates operated on for this condition at the Royal Children 's Hospital, Melbourne, in the years 1978-1983 inclusive. In this series, the overall mortality has fallen from 50% and 67% in 1978 and 1979 respectively, to 11% in 1983. In the last three years of this review, there have been no early hospital deaths and the late deaths relate to associated congenital anomalies. The decrease in mortality is ascribed to methods of perioperative support, non-invasive cardiac investigation, and surgical repair with subclavian aortoplasty. Prior to surgery, all infants are paralysed, mechanically ventilated and infused with prostaglandin E to reopen the ductus arteriosus, and dopamine to support the failing myocardium. The phys1cal status of all infants improved with these maneouvres. This paper reviews the pathophysiology of neonatal aortic coarctation, the current modes of management, results and complications.
infant was functional (Table 1) . classified according to Kirklin's patient group classification 4 Forty of the 61 patients were male. Their mean age, when repaired, was 11 days (range 2-30 days) and the mean body weight 3.3 kg (range 1. 3-4 kg) . Associated cardiac and noncardiac anomalies are common. Table 2 details the incidence of the lesions occurring in this series and shows a similar distribution to the figures quoted by others. 5, 6 Prior to 1982, the procedure used to prove the diagnosis was cardiac catheterisation. 2D-echocardiography was introduced in 1982 and has been used on 32 patients as the initial investigative procedure. Cardiac catheterisation was also required when the associated lesions were complicated, if there was a large left to right shunt or if co-existent hypoplasia of the left ventricle was suspected ( Table 3) . (19) A regimen of preoperative stabilisation has evolved over the last five years. In 1978, dopamine infusions were used only in Class V patients. Preoperative ventilation and paralysis was introduced in 1979 for neonates assessed as Class IV and V. Prostaglandin E, (PGE,) infusions were not introduced until the last four months of 1980. The present stabilisation regimen of ventilation, paralysis, dopamine infusion and PGE, became routine in 1981 for patients assessed as Class IV and Class V on admission.
Patients are paralysed with pancuronium 0.1 mg/kg, mechanically ventilated with positive end expiratory pressure (PEEP),7 and sedated with an infusion of morphine (l0J-lg/kg/hour). Ventilated patients are transferred from the Intensive Care Unit to the operating theatre for surgery. Anaesthesia is maintained with morphine, relaxants and nitrous oxide. Monitoring of the electrocardiograph, core and peripheral temperatures, arterial and central venous pressure (CVP) commenced in the Intensive Care Unit, is continued in the operating theatre. The dopamine infusion is maintained throughout surgery. The PGE, infusion is discontinued at the time of ductal ligation. Postoperatively, the child returns to the Intensive Care Unit for continued cardiorespiratory support. The methods of coarctation repair in the 61 patients are shown in Table 4 . Since 1978, the method of coarctation repair has primarily been subclavian flap angioplasty. Four of the infants required synthetic patch augmentation of the angioplasty. In these cases, the isthmic segment was long or the subclavian artery was short and branched early (Figure 1 ).
RESULTS
The mean duration of ventilatory support was 53 hours (range 7-111 hours) in the Class IV and V patients, excluding the children in the Anaesthesia ond Inrensh'e Care, Vol. 13 late death group. Sixteen of these patients had a documented pH of less than 7.20 and a base deficit greater than 10 on admission. These patients were given sodium bicarbonate to partially correct the metabolic acidosis and intravascular colloid volume expansion (15) (16) (17) (18) (19) (20) mllkg) to maintain a satisfactory mean arterial pressure. Since 1980, 21 patients received PGE, infusion at an initial dose of 0.1 jAg/kg/min to promote ductal reopening. 8 Forty-seven of the patients in this series were given inotropic support. Dopamine was used with a most common maximum infusion rate of 7.5 jAg/kg/min (range 5-15 jAg/kg/min) and the mean duration of the infusion was 48 hours (range 5-132 hours). Improvement after stabilisation was demonstrated clinically, biochemically and radiologically in the 21 patients treated with ventilation, paralysis, dopamine and PGE, ( Table 5) .
Neonates with coarctation and ventricular septal defect presented earlier than those with Anaesthesia Table 6 details the early and late complications occurring in the series. The overall re-coarctation rate was 14.70/0. Recoarctation has been described in 8-17% of cases using the subclavian angioplasty technique alone, and the incidence was 12.7% in this series. 9, 10 Other workers using an end-toend anastomosis technique for surgical repair quote re-coarctation rates of 20_60%. 11, 12 Nineteen of the 61 patients treated died, giving an overall mortality of 31 %, This mortality rate is considered in relation to the complexity of the cardiac lesion in Table 7 . Table 8 shows the annual number of cases presenting for coarctation repair and the number of hospital deaths (within 30 days of operation) and late deaths which have presented up to August 1984. 
DISCUSSION
Neonatal aortic isthmic coarctation is a specific vascular lesion with multiple organ effects. It is often associated with intracardiac and other anomalies, making the management complex and demanding. Aortic outflow obstruction is associated with varying degrees of respiratory, cardiovascular, renal, central nervous and metabolic failure.
Early aggressive intervention in this group of patients increases cardiorespiratory reserve and allows the infant to tolerate the rigours of diagnostic procedures and surgical repair. This markedly contrasts with the situation in the past where, following stressful investigation, the critically ill infant was subjected to emergency surgery, often in an ill-prepared state.
Many subtle improvements have lowered the mortality figures apart from the major changes to be discussed. Improved suture material, fi breoptic surgical lighting, improved monitoring and increased surgical experience have all contributed.
There has been a consistent fall in mortality over the last five years. Failure to wean from mechanical ventilation in this series was associated with hypoplasia of the left ventricle and other associated anomalies. It may be difficult to differentiate clinically between the hypoplastic left heart syndrome, aortic arch interruption and coarctation. Stabilisation therapy may be so effective that marginal hypoplasia of the left ventricle is masked. Hypoplasia of the left ventricle was confirmed at post mort em examination in patients dying from refractory cardiorespiratory failure.
The Royal Children's Hospital is a referral centre for neonates and, therefore, our patients present late with severe decompensation. If the ductus is widely patent, the femoral pulses may have normal volume and the coarctation only manifests itself when the ductus begins to close and left ventricular function and systemic perfusion are severely compromised. This accounts for the majority of this group of neonates being Class IV and V according to Kirklin's classification. 4 Babies with ventricular septal defect and coarctation presented earlier than those with isolated coarctation. In babies with a ventricular septal defect and aortic coarctation, a decrease in the left to right shunt at ventricular level may occur with ductal closure. The reduction in shunt will depend upon the interventricular pressure gradient, the difference in left and right ventricular wall compliance and pulmonary vascular resistance. It may be that right ventricular failure occurs earlier in this group due to the acute pressure overload with ductal closure, on an already volume-overloaded right ventricle.
The ductus arteriosus begins to close soon after birth in the normal infant. If this process is gradual in the infant with aortic coarctation, the left ventricle may adapt to the increasing load with the development of collateral vessels and symptoms are delayed. 3 With acute ductal closure, the infant with aortic arch coarctation and duct-dependent systemic blood flow is severely compromised. Not only is there a large increase in afterload to the left ventricle due to the fixed aortic obstruction but the inadequate (Figure 2 ). The object of stabilisation therapy is to diminish the multisystem consequences of aortic coarctation and acute ductal closure, thereby halting the vicious circle and restoring cardiac reserve.
The severely compromised baby is hypoxic, acidotic and, if there is neurological depression or exhaustion, hypercarbic. Pulmonary and chest wall compliance are reduced secondary to cardiac failure and fluid retention. Mechanical ventilation with positive end expiratory pressure and muscle paralysis improves gas exchange and removes the infant's work of breathing. The use of positive end expiratory pressure of 5-10 cm of water allows a lower inspired oxygen to be administered. 14 Metabolic acidosis results from systemic hypoperfusion and the metabolic cost of the increased work of breathing. Oxygen flux is severely reduced as a consequence of hypoxaemia resulting from pulmonary oedema and impaired cardiac output with ventricular failure. 15 Furthermore, oxygen release to the tissue is restricted by the presence of foetal haemoglobin. A vicious circle develops where ongoing hypoxia and acidosis further reduce these critically ill infants cannot be overstressed.
The ductus, when patent, provides the majority of systemic blood flow to the lower body compartment. When the ductus closes, pulmonary blood flow increases and systemic blood flow falls (Figure 3 ). As pointed out by Talner, 16 oxygen therapy may increase P a02 as pH falls, due to the rise in pulmonary-tosystemic flow ratio, as the ductus constricts with oxygen. Paradoxically, this is indicative of worsening systemic perfusion rather than an improvement.
Prostaglandin El infusion promotes ductal reopening, reduces left ventricular afterload and increases systemic perfusion 17 The prostaglandin infusion may cause severe hypotension. It is important to monitor arterial and central venous pressures and to be prepared to give volume replacement if peripheral vasodilatation occurs. Apnoea, cutaneous flushing, fever and muscular hyperactivity have been reported but were not observed in this series, as the patients were all paralysed and ventilated. 18 Prostaglandin may increase the patient's susceptibility to infection and it is recommended that antibiotic cover be given. 19 There is, however, no evidence that routine prolonged antibiotic cover reduces the incidence of infection, even in high-risk patients. It is our practice to administer antibiotic cover in the form of cephazolin (20 mg/kg statum), at the time of surgery and postoperatively 10 mg/kg six hourly for 24 hours.
Failure to respond to PGE I is presumably due to previous complete closure of the ductus arteriosus or the presence of large endothelial cushions. As it is generally accepted that some ductal tissue contributes to a greater or lesser extent to the aortic wall,I,20,21 the direct action of PGE I on this ductal tissue may still be of benefit, diminishing the degree of aortic constriction and therefore decreasing aortic arch impedance to flow.
Hypovolaemia, presumably related to capillary leak, was evidenced by clinical features and a low CVP. Volume expansion with colloid solutions was required to maintain a satisfactory perfusion pressure. The metabolic component of the acidosis was treated with sodium bicarbonate to correct the pH to greater than 7.30. This is recommended to maximise the direct action of dopamine on the myocardium by promoting intracellular calcium inflow and therefore increase force of contraction. Dopamine infusion is used for inotropic support in ventricular failure, and its greater efficacy compared to digoxin in this situation is well established. 22 The chest X-ray shows a reduction in cardiothoracic ratio after stabilisation therapy.23 This is due both to increased aeration of the lungs and a decrease in heart size. What are the likely mechanisms for a reduction in heart size with our therapy? Hypotension following institution of muscle relaxation and continuous positive pressure ventilation is nearly always due to a decrease in preload. 24 ,25 The commencement of inotropic support with dopamine and afterload reduction with PGE I improves the ejection fraction and the Frank-Starling curve moves upwards and to the left. We propose that the combination of these factors produces a more 'compact' heart with an increased stroke volume and increased ventricular compliance, which is assisted by the reduction in left ventricular afterload, Although echo cardiography is non-invasive, adequate demonstration of the aortic arch requires sternal notch and subxiphoid views. In the non-ventilated infant with increased work of breathing, the technique may further reduce chest wall compliance and provoke rapid decompensation. Stabilisation therapy increases cardiorespiratory reserve so that investigative procedures can be completed safely without further deterioration in the baby's status.
There are various methods of surgical repair described for infant coarctation. Because of the increased growth potential and diminished incidence of re-stenosis, the method of repair at the Royal Children's Hospital over the past five years has been subclavian flap angioplasty. In our experience and that of others,8 there has been a significant decrease in mortality rate since using this technique, especially in patients with associated anomalies.
The pattern of complications was similar to that reported by other investigators. Protracted respiratory failure was, for the most part, associated with hypoplasia of the left ventricle. Rapid fluctuations in serum potassium may occur with ventilation, bicarbonate therapy, renal failure and diuretic therapy. Cardiac arrhythmias associated with hypokalaemia, alkalosis and digoxin therapy were quite common. Necrotising enterocolitis is reported with aortic coarctation, its occurrence being favoured by reduced mesenteric blood supply, low cardiac output, acidaemia and oedema. Necrotising enterocolitis occurred in one patient and resolved with conservative management.
The neurological complications which occurred were associated with severe acidosis, cardiac and respiratory failure. One child with transposition of the great vessels developed deep vein thrombosis in the catheterised leg and multiple cerebral embolisation occurred. This infant was left with a spastic quadriplegia and subsequently died.
The important factors in the improved outcome after surgery for neonatal coarctation are the pre-operative stabilisation regimen of ventilation, paralysis, dopamine and prostaglandin infusion, minimising the invasive nature of investigations, the adoption of subclavian aortoplasty as the surgical repair of choice and meticulous postoperative intensive care.
